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INTRODUCTION

This geologic mapping and interpretation
of the Pea Ridge iron mine, Missouri, is part of a
cooperative effort between the U.S. Geological
Survey (USGS) and the Missouri Department of
Natural Resources, Division of Geology and
Land Survey (DGLS), under the auspices of the
USGS Midcontinent Strategic and Critical
Minerals Project. The goal of the Pea Ridge
study is to compare the Middle Proterozoic iron
deposits of Missouri with the Middle Proterozoic
Olympic Dam deposit and similar deposits of the
Stuart Shelf, South Australia. This effort devel-
oped from work by Sims and others (1987),
who recognized the many similarities between
the St. Francois terrane in southeastern Mis-
souri and the Stuart Shelf and also the potential
for Olympic Dam-type deposits in the Middle
Proterozoic granite-rhyolite terranes of the
Midcontinent. Detailed descriptions of the map
units are given in Nuelle and others (1992). Re-
sults of stable-isotope, fluid-inclusion, and trace-
element studies that focus on the origin of the
ore deposit are presented in Day and others

(1991, 1992, and 1993), Sidder and others
(1991, 1993a, b), and Cordell and others
(1993).

The Pea Ridge Iron Ore Company granted
access to the mine for purposes of geologic
mapping and for topical studies to determine ore
genesis and to investigate the potential for min-
eral commodities other than iron, such as rare-
earth elements and gold. Additional information
for underground areas and mine levels was ob-
tained from generalized maps and logs of devel-
opmental drill core by the late Jack Emery, for-
mer mine geologist with the Pea Ridge Iron Ore
Company. Mine level designations are those
used by the company; sublevels indicate work-
ings accessible only by declines from other lev-
els. All levels are measured in depth from the
shaft collar.

MAP UNITS

Map units outlined in this report are based
in part on those of Emery (1968). Nuelle and
others (1992) characterized the units in detail
and described their modes of origin. The main



map units are amphibole-quartz rock, heterolithic
breccia, pseudobreccia, magnetite, hematite,
silicified rock, rare-earth-element (REE) mineral-
bearing breccia pipes, mafic dikes, and aplite dikes
(Nuelle and others, 1992). A new rock unit, the
iron oxide-cemented amphibole breccia, defined
during the compilation of these maps, is known
only from Emery’s descriptions of drill core. All

Ridge Iron Ore Company., oral commun., 1992)
is used to define ore and non-ore units.
Individual unit descriptions are based pri-
marily on the mineral assemblages and character
of the rock or ore type. Brief genetic discus-
sions are included as needed to clarify relations
between units. Those interested in further dis-
cussions of genesis of the deposit are referred

iron oxide-cemented breccias have been subdi-
vided according to the type of iron oxide
(magnetite or hematite) cement and further sub-
divided by ore grade. An ore-grade cutoff of 37
percent magnetic iron (Larry Tucker, Pea

to Sidder and others (1993a) and Nuelle and
others (1991, 1992).

DESCRIPTION OF MAP UNITS

<l Lamotte Sandstone (Upper Cambrian)—White, well-sorted quartz sandstone and basal
conglomerate directly overlying Precambrian sequence (noted at 1,375-ft level). Quartz
sandstone is Upper Cambrian Lamotte Sandstone. Underlying conglomerate mapped
together with unit €1. Age of conglomerate is not definitely known; may span from
Middle Proterozoic to Late Cambrian

MIDDLE PROTEROZOIC UNITS

da Aplite dikes—Aplitic to pegmatitic dikes consisting of potassium feldspar and quartz with mi-
nor to trace amounts of biotite and traces of disseminated molybdenite. The aplitic to
pegmatitic dikes are alaskitic in composition and high in silica (72.0-74.7 weight percent
SiO9) and potassium (6.7-9.8 weight percent KoO). Aplite dikes fill fractures that strike
N. 25° W. and dip steeply to flatly to the northeast (Emery, 1968). Aplite dikes cut
host rhyolite, magnetite orebody, silicified rock, and mafic dikes; contact with rare-
earth-element (REE) mineral-bearing breccia pipes not observed. Trace-element model-
ing demonstrates that aplite dikes and host rhyolite are cogenetic (Day and others,
1989)

dm Mafic dikes—Black to dark-greenish-gray rocks having a greasy luster and blocky cleavage.
Intense chloritic alteration partially obscures original composition, but data on major
and trace elements indicate that dikes are tholeiitic basalt (W.C. Day, unpub. data,
1990). Locally, some dikes are brecciated and cemented by late calcite. Thickness
ranges from less than 1 cm to more than 3 m. Dikes intruded two fracture systems,
which strike N. 60° E. and N. 85° W. and dip 60°-80° SE. and SW., respectively. Mafic
dikes cut host rhyolite, magnetite orebody, and silicified rock; contact with the REE
mineral-bearing breccia pipes not observed. Dashed where projected or inferred

bp REE mineral-bearing breccia pipes—Fragments of rhyolite, iron oxide, and silicified rock in
a groundmass of rock flour, feldspar, chlorite, barite, apatite, monazite, xenotime,
quartz, and calcite. Volcanic rock fragments range from less than 1 mm to about 0.5 m
in diameter, are subrounded to angular with moderate to high sphericity, and have un-
dergone potassium metasomatism. Specularite fragments are angular, are as long as
several meters, and have low to moderate sphericity. REE mineral-bearing minerals in-
clude monazite, xenotime, and rare bastnaesite and britholite. Monazite and xenotime
occur as radial crystal aggregates and granular crystals (0.5-1.9 mm); they also replace
wall-rock microfragments and fill fractures in barite and potassium feldspar crystals in
groundmass (Nuelle and others, 1992). Total REE oxide concentrations of grab sam-
ples range from about 2.5 to 19 weight percent. U.S. Bureau of Mines bulk samples
range from 7 to 25 weight percent and average 12 weight percent (C.W. Vierrether,
U.S. Bureau of Mines, oral commun., 1990). Four pipes have been delineated along the
footwall and eastern edge of orebody. They occur at or near contacts between major
lithologic zones and may have been emplaced along zones of weakness created by
faults. Contacts of pipes with wall rock and hematite are commonly irregular; some
contacts are embayed. Apophyses of pipe material locally intrude volcanic rocks, mas-



sive magnetite, magnetite-cemented breccias, hematite, hematite-cemented breccias,
and silicified rock. The pipes are steeply dipping (greater than 60°) and elongate to
ovoid in plan view. Horizontal length is as much as 60 m; widths reach as much as 15
m. Their maximum vertical extent is unknown, but one pipe extends a minimum of 120
m. Breccia pipes not intersected in drifts or drill cores are interpolated from three-di-
mensional modeling (Seeger, 1992) and are indicated by dashed lines

sr Silicified rock—Characterized by massive, white to light-gray quartz that replaced host
rhyolite with varying intensity; areas with greater than 75 percent quartz are common.
Potassic alteration characterized by addition of potassium feldspar to both silicified rock
and surrounding wall rock is commonly associated with silicification. Quartz and
potassium feldspar form local pegmatitic pods and veins. Accessory minerals include flu-
orite, muscovite (and sericite), biotite, tourmaline, chlorite after biotite, epidote, mon-
azite, apatite, topaz, calcite, barite, rutile, zircon, hematite, pyrite, and chalcopuyrite.
Sericite is especially common along fracture and fragment surfaces. Silicification and
potassic alteration are extensively developed in footwall of orebody, although they are
found throughout mine. Horizontal underground drilling away from orebody on 2,275-
ft level penetrated 120 m without exiting silicified rock; surface drill holes more than 400
m north of footwall of orebody intersected silicified volcanic rock. Silicified rock is a
product of both open-space filling and replacement; it contains relict breccia textures,
which suggests that brecciated zones acted as conduits for silica- and potassium-rich
fluids (Seeger and others, 1989). Map units that are only slightly silicified are denoted
by a dotted pattern

h Specular hematite—Finely to coarsely crystalline, generally platy, massive specular
hematite. Constitutes a major part of iron oxide body in uppermost mined levels, east-
ern footwall, and eastern margin of orebody. Width varies from about 400 ft where it
covers top of orebody to less than 25 ft at deeper levels. Contacts between hematite
and magnetite are commonly gradational; hematite commonly contains irregularly dis-
tributed patches and areas of magnetite. Hematite (as martite) is primarily an alteration
product after magnetite. It formed in part along fault zones and is locally sheared and
foliated parallel to post-ore faults. On uppermost mined levels, martite may be result of
oxidation by meteoric water and groundwater

hu Hematite, undivided—Massive hematite and (or) hematite-cemented breccias. Exposed only
on several of the lower levels of the mine
m Magnetite—Dark-gray, fine-grained, massive to brecciated magnetite. Map unit characterized

by containing 58 percent or more magnetic iron and (or) less than 20 percent clasts.
Gangue minerals form interstitial intergrowths, net-textured veinlets, and pods within
the ore, and include apatite, quartz, and phlogopite with minor amphibole, chlorite,
pyrite, fluorite, barite, calcite, chalcopyrite, and monazite, and traces of grunerite, talc,
and other minerals. Texture varies from massive and shiny with subconchoidal fracture
to finely crystalline and granular. Some ore has a porphyritic texture, consisting of
magnetite (or martite) and hematite (specularite) megacrysts in a massive, fine-grained
groundmass of magnetite. Magnetite is commonly brecciated and cemented by barite
and calcite near REE mineral-bearing breccia pipes (unit bp). Magnetite is the only ore
mineral recovered at Pea Ridge. Ore faces contain as much as 90 volume percent mag-
netite, and ore grade averages about 55 percent magnetic iron (Emery, 1968). Ore
grade cutoff is about 37 percent magnetic iron

Pseudobreccia—Pseudobreccia is defined as host volcanic rock that is partially replaced by
magnetite (units mpbn and mpbo) and (or) hematite (unit hpb) along preferred fracture
planes, giving a breccialike appearance; fragments are not rotated or mechanically frag-
mented (Nuelle and others, 1992). In regions where hydrothermal solutions have re-
placed large parts of the host volcanic rocks, the pseudobreccia is recognized as iso-
lated islands of porphyry surrounded by iron oxide. Host rhyolite fragments have ir-
regular boundaries, contain embayments of iron oxide, and may have a wispy or stringy
shape after extreme replacement. Pseudobreccia contains at least 10 percent iron oxide
matrix and at least 20 percent clasts. Unit is found on margins of orebody, and is most
common in footwall. Roundness and potassium metasomatic alteration of fragments as
well as the percentage of iron oxide matrix increase towards orebody. The three map-
pable textural variants of pseudobreccia are:
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Magnetite-cemented pseudobreccia non-ore—Unit contains less than 37 percent mag-

netic iron as matrix cement; unit is below ore grade

Magnetite-cemented pseudobreccia ore—Unit is defined as containing between 37 and

58 percent magnetic iron

Hematite-cemented pseudobreccia—Matrix material dominated by hematite
Iron oxide-cemented heterolithic breccia—Fragments of host rhyolite, chloritized rhyolite,

and amphibole-quartz rock in matrix of magnetite (units mhbn and mhbo) or hematite
(unit hhb). Clast size for each variety ranges from several centimeters to greater than
4 m in diameter; clasts are generally angular to subrounded in shape. Relative percent-
ages of clast types vary widely, some mine faces contain only one or two lithologic
types; total clast percentages range as high as 30 percent. Clast abundance decreases
near contacts with massive magnetite and increases near contacts with amphibole-
quartz rock or with host volcanic rocks; all contacts are gradational. Extent of chloriti-
zation and magnetite replacement of rhyolite clasts varies. Amphibole fragments com-
monly contain a quartz core, and actinolite crystals radiate perpendicular to the frag-
ment’s margin, which suggests that some amphibole alteration is post-brecciation.
Breccia occurs discontinuously along margins of orebody and is particularly well devel-
oped along hanging wall

Magnetite-cemented heterolithic breccia non-ore—Unit is defined as having less than 37

percent magnetic iron in the matrix material

Magnetite-cemented heterolithic breccia ore—Map unit contains between 37 and 58

percent magnetic iron in the matrix material

Hematite-cemented heterolithic breccia—Matrix material dominated by hematite
Iron oxide-cemented amphibole breccia—Clasts of amphibole-quartz rock (unit aqr) in matrix

containing greater than 10 percent magnetic iron (or minimum of 15 percent total iron
oxide); extent of unit is known only from core log descriptions by J.A. Emery (Pea
Ridge Iron Ore Company, unpub. data, 1995)

Magnetite-cemented amphibole breccia non-ore—Unit is defined as having less than 37

percent magnetic iron in the matrix material

Magnetite-cemented amphibole breccia ore—Map unit contains between 37 and 58 per-

cent magnetic iron in the matrix material

Hematite-cemented amphibole breccia—Matrix material dominated by hematite
Magnetite-cemented breccia, undivided—Unit used in areas with limited information to de-

lineate if the matrix is either magnetite- or hematite-dominant. Shown only on maps of
several of the lower levels (2,370, 2,440, 2,505, and 2,675 ft)

Amphibole-quartz rock—Massive, coarse-grained actinolite blades as long as 5 c¢cm inter-

grown with quartz and lesser amounts of apatite, magnetite, pyrite, chalcopyrite, and
calcite. Quartz forms massive pods 1-50 cm in diameter. In the hanging-wall area of
the ore deposit, unit is brecciated and cemented by iron oxide veins. In the footwall
area, unit shows less brecciatation and contains less quartz. Massive amphibole-quartz
rock in eastern end of hanging wall thins westward into actinolite-filled fractures that
have silicified margins in host rock (Emery, 1968). Locally, unit grades into host rhyo-
lite wall rock showing incipient amphibole alteration. Amphibole-quartz rock found in
both hanging wall and footwall is result of hydrothermal alteration front that tempo-
rally preceded magnetite emplacement. Textural and chemical evidence of original host
rock type has been partly to completely destroyed by metasomatic replacement, al-
though relict rhyolite wall-rock textures have been noted in amphibole-quartz clasts in
hanging wall (J.R. Husman, The Doe Run Company, oral commun., 1990). Regions
that contain minor amphibole alteration are mapped by a random pink pattern

Volcanic rocks—Rhyolitic ash-flow tuffs. Porphyritic rhyolite tuff generally has aphanitic

tuffaceous groundmass of quartz and orthoclase, and contains orthoclase phenocrysts.
Several ash-flow tuffs contain well-developed collapsed pumice fragments; one unit con-
tains angular lithic fragments having no preferred orientation. Oldest volcanic rocks
are in hanging wall; they become progressively younger northward (Husman, 1989).
Average strike of volcanic sequence is N. 80° W., dipping 75°-90° NE.

Banded rock—Alternating bands of light-gray (igneous rock fragments, quartz, and potas-

sium feldspar) and dark-gray (martite and chlorite) rock ranging from 1 mm to several
centimeters in thickness. Restricted to footwall near hematite-silicified wall rock con-



tacts on 2,275-ft level where unit grades into specular hematite, which suggests that it
was part of host rock sequence that was variably replaced by iron oxide. Unit may
represent altered horizons in a bedded volcaniclastic sedimentary sequence. Protolith
was probably water-laid tuff incorporated into volcanic sequence (Nuelle and others,

1992)
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